The evaluation focused on assessing program effect on HIV knowledge, high-risk behaviors, and HIV testing among high-risk populations-results relevant to Vietnam's push to meet global HIV goals. Methods: We used a mixed-methods cross-sectional evaluation design. Data collection encompassed a quantitative survey of 2199 individuals, supplemented by 125 in-depth interviews. Participants were members of high-risk populations who reported recent contact with an outreach worker (intervention group) or no recent contact (comparison group). We assessed differences in HIV knowledge, risky behaviors, and HIV testing between groups, and between high-risk populations. Results: Intervention participants knew significantly more about transmission, prevention, and treatment than comparison participants. We found low levels of injection drug-use-related risk behaviors and little evidence of program impact on such behaviors. In contrast, a significantly smaller proportion of intervention than comparison participants reported risky sexual behaviors generally and within each high-risk population. Intervention participants were also more likely to have undergone HIV testing (76.1% vs. 47.0%, p < 0.0001) and to have received pre-test (78.0% vs. 33.7%, p < 0.0001) and post-test counseling (80.9% vs. 60.5%, p < 0.0001). Interviews supported evidence of high impact of outreach among all high-risk populations. Conclusions: Outreach programs appear to have reduced risky sexual behaviors and increased use of HIV testing services among high-risk populations in Vietnam. These programs can play a key role in reducing gaps in the HIV care cascade, achieving the global 90-90-90 goals, and creating an AIDS-free generation.
Background
In Vietnam, HIV is concentrated among people who inject drugs (PWID), female sex workers (FSW), and men who have sex with men (MSM). Prevalence in the overall adult population has remained low, peaking in 2005 and remaining stable at 0.4% among adults aged 15-49 years [1] . By comparison, prevalence among PWID, FSW, and MSM is estimated to be 10.3, 2.6, and 3.7%, respectively [2] , with PWID comprising 60% of all reported HIV-infected individuals [3] . Although these marginalized populations remain disproportionately affected, Vietnam has made impressive strides in reducing vulnerability and new infections since 2001, when prevalence peaked at 29.3% among male PWID and nearly 7.0% among FSW [4] . Data are limited for MSM, who have become a higher priority population in the last few years [5] .
In 2014, Vietnam was the first Southeast Asian country to commit to achieving the 90-90-90 global HIV targets by 2020: 90% of population knowing HIV status, 90% on sustained antiretroviral therapy (ART), and 90% with suppressed viral load [6] . In June 2016 at the United Nations High Level General Assembly Meeting on Ending AIDS, Vietnam pledged to reach zero new infections by 2030 [6] . The United States government (USG) has invested in HIV prevention, testing, treatment, and care in Vietnam since the 1990s; in 2004, Vietnam was named one of fifteen focus countries by the President's Emergency Plan for AIDS Relief (PEP-FAR) [7] . Since then, PEPFAR investments have provided ART to 57,000 Vietnamese citizens, care and support to 62,000 children and adults, and methadone support for 25,000 PWID. In 2016, the USG committed $26 million through 2021 to help Vietnam meet the 90-90-90 targets. While support from other international sources, including direct bilateral aid from a number of governments (including Australia, Denmark, France, and the United Kingdom), United Nations organizations, and multilateral assistance (the Asian Development Bank, The Global Fund to Fight AIDS, Tuberculosis, and Malaria, and the World Bank) has played an important role in Vietnam's HIV and AIDS achievements in meeting the 90-90-90 goals, PEPFAR has provided the greatest support. [8] According to the 2016 Country Operation Plan, Vietnam's government has set an additional goal of independently funding 75% of the country's HIV programming by 2020 [5] .
In 2007-2008, we conducted a nationwide mixedmethods cross-sectional evaluation of the impact of PEPFAR-supported community-based outreach programs. The evaluation was designed to assess program effect on HIV knowledge, high-risk behaviors, and HIV testing among Vietnam's key high-risk populations: PWID, FSW, and MSM. It also examined use of peer educators versus health educators, and made specific recommendations for program improvements. Initial findings were shared at a national workshop in Hanoi and in a USAID report [9, 10] ; select descriptive results have been published elsewhere [11] . We focus here on the key findings related to the impact of the outreach programs on knowledge, risk-taking, and HIV testing uptake. Because this study was conducted 7 years before Vietnam committed to the 90-90-90 goals, it provides useful, detailed insight into the peer outreach efforts that have been central to government and development partner interventions.
While outreach efforts focused primarily on HIV testing and prevention, or what would later be articulated as the first 90 target, accompanying measures have been designed to increase capacity across all of the 90-90-90 goals. These capacity-strengthening measures include reducing stigma and discrimination, training physicians in clinical care and treatment of HIV-positive patients, developing a care and treatment coordination unit within the Ministry of Health, and establishing a national surveillance and monitoring system [12] .
Overview of Vietnam's long-term peer outreach programming
Peer-driven community outreach efforts have been a core component of Vietnam's domestic and international response to HIV. Vietnam first employed peer educators for HIV prevention among high-risk populations in 1993 [13] . In 2004, use of outreach workers was expanded in accordance with Vietnam's National Strategic Plan on HIV/AIDS Prevention for 2004-2010, the country's first HIV national plan [14] . With PEPFAR support, several internationally recognized best practices were adopted, including increasing voluntary HIV testing, implementing harm reduction measures for high-risk populations, and employing outreach workers to expand communitybased HIV prevention measures focused on increasing HIV knowledge and reducing high-risk behaviors among key populations, primarily PWID, FSW, and MSM [15] . By 2007, PEPFAR-supported outreach programs had expanded in seven focus provinces (all high-prevalence provinces), and aimed to reach 30,000 individuals annually [16] . In the years since then, these programs have recruited, trained, and deployed cadres of peer educators (individuals who currently engage in injection drug use or sex work, or have in the past) and health educators (usually college graduates trained in health education). These outreach workers were trained to provide HIVprevention information, skills, and supplies (such as condoms), as well as links to HIV testing, treatment, and other services, based on globally-recommended best practices for HIV prevention [12, 14] .
Several studies have documented the impact of specific interventions based on use of peer outreach workers to engage with particular vulnerable populations in Vietnam. Hammett et al. (2012) described projects that have trained peer outreach workers to use personal education techniques and needle/syringe distribution to reduce HIV risk behaviors and infection among PWID in northern Vietnam and southern China [3] . In another study focused on adolescents and young adults aged 15-24 years, Ngo et al. (2013) described a combination of peeremployed education and integrated HIV and sexual and reproductive health services that successfully expanded HIV testing among youth [17] . A third study employed a pre-test, post-test design and found a positive association between engagement with peer educators and willingness to use pre-exposure prophylaxis among male sex workers in Ho Chi Minh City [18] . While these studies indicate the potential for specific interventions to make use of community outreach to contribute to desired behavior change, each was limited in scope to specific research questions, either focusing on one high-risk population or a single setting. None was designed to evaluate the broad impacts of community-based HIV prevention outreach programs operating across the country according to their original mission: to engage with all three of the major high-risk populations to increase their knowledge, reduce risky behaviors, and engage in HIV testing services.
While the data reported here were collected just over 10 years ago, the limited evidence published on this topic underscores the usefulness of this study for HIV researchers, program designers, and policy makers. To our knowledge, no other study in Vietnam has assessed the impact of community-based outreach programs at the national level among all of the primary high-risk populations and across multiple risk behaviors. Thus, these findings contribute vital evidence from which Vietnam and its development partners can build in the quest to reach the 90-90-90 targets by 2020 and achieve zero new infections, zero AIDS-related deaths, and zero stigma by 2030.
Methods

Design overview
Because outreach programs had been underway for several years, our design options were limited. To conduct an evaluation that could yield meaningful data on program impact, we used a mixed-methods, cross-sectional design that would permit comparison of relevant quantitative outcomes between an intervention group (individuals in each high-risk group with recent exposure to the outreach programs) and a comparison group (individuals in each high-risk group without recent exposure to the outreach programs). This was achieved through a comprehensive quantitative survey with members in each high-risk group. We supplemented the survey with qualitative in-depth interviews with survey participants to allow probing on important topics and triangulation of multiple sources of data. Our goal was to collect a rich set of quantitative and qualitative data to assess program impact related to knowledge and behaviors of populations known to engage in high-risk behaviors.
Study sites and participants
Quantitative survey data were collected from members of high-risk populations in two northern provinces (Ha Noi, Hai Phong) and two southern provinces (Ho Chi Minh City (HCMC), An Giang). Qualitative data were gathered from individuals in the same populations in these four provinces and in two additional provinces (Quang Ninh in the north and Can Tho in the south). These provinces were selected because, due to their major HIV epidemics, they were focal provines of the PEPFARfunded community outreach programs described above, and they provided geographic diversity across Vietnam. Ha Noi and HCMC are large, densely populated cities with modern economies, diverse populations from an influx of domestic migrants, and well-educated workforces. Hai Phong and Quang Ninh, on the northeastern coast, have relatively advanced infrastructure and large industrial workforces. Can Tho and An Giang are inland provinces with mainly agricultural economies and substantial migrant populations from neighboring Cambodia. All six provinces historically have had a relatively high HIV prevalence, particularly among PWID, for whom prevalence has recently ranged from 15 to 25% [19, 20] .
Participants were recruited in collaboration with agencies implementing PEPFAR-funded outreach programs, including FHI 360 (formerly Family Health International), Ministry of Health/LIFEGAP, Médecins du Monde France, and Care International, using a snowball sampling approach. Peer outreach workers employed by the agencies made initial introductions to their regular clients, who in turn shared study information with their peers among PWID, FSW, and MSM. In accordance with our evaluation design, this included introductions to individuals who had had recent contact with an outreach worker in the previous 6 months and those who had not. These peers continued to introduce the study in subsequent rounds to their acquaintences until the desired sample size was achieved. Individuals were eligible if they were aged 18 years or older and could be categorized into one of four populations on the basis of self-reported behavior(s): 1) using injection drugs in the past month (PWID); 2) identifying as female, selling sex in the past month, and working on the street (SSW); 3) identifying as female, selling sex in the past month, and working in an establishment (KSW); or 4) identifying as a man who engaged in sex with another man in the past year (MSM). Participants who met multiple criteria were placed into a single primary group for recruitment purposes in this order: MSM, SSW/KSW, PWID.
The qualitative in-depth interviews (IDIs) were designed to collect supplemental in-depth information from survey participants about their personal experiences engaging with community outreach workers. Thus, in the four survey provinces, we randomly identified participants in the intervention group for IDI participation. In Quang Ninh and Can Tho (where no survey was conducted), we recruited IDI participants who reported recent contact with an outreach worker using the same snowball sampling approach described above.
All procedures performed in this study were in accordance with the relevant ethical standards of the institutional and national research committees and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The study protocol was approved by the Institutional Review Boards of Boston University Medical Center, the Hanoi School of Public Health, and the HCMC AIDS Committee. All participants provided written informed consent. All surveys and IDIs were conducted face-to-face in Vietnamese in offices, club locales, or other locations convenient to participants. Each activity lasted 1.5-2 h. All participants received a stipend of 50,000 Vietnamese Dong (VND) (US$ 3.12) to cover the costs of travel and/ or lost work time. In addition, participants who identified up to three other eligible survey participants were given an incentive stipend of 20,000 VND (US$ 1.25) per participant.
Data collection
Survey questions were drawn from validated instruments previously used in Vietnam [21] that addressed HIV knowledge, health-risk behaviors, HIV testing, and interactions with outreach workers. Knowledge queries covered transmission (16 yes/no questions), prevention (17 yes/no questions), and treatment (8 yes/no questions). Health-risk behaviors included drug use, and needle sharing and cleaning; and protective behaviors related to condom access and use with primary, casual, and commercial partners in the previous 6 months. HIV testing questions asked about testing, as well as pre-and post-test counseling.
The IDIs employed semi-structured interview guides that allowed for open-ended responses and follow-up questioning. Questions covered program strengths and weaknesses, interactions with outreach workers, and perceived program impact. Survey and IDI instruments were pilot-tested and revised prior to data collection.
Quantitative data analysis
High-risk populations and outreach programs were larger in Ha Noi and HCMC ("large provinces") than in Hai Phong and An Giang ("small provinces"). In large provinces, we based sample size calculations on the ability to identify differences of 20 percentage-points or more in knowledge and high-risk behaviors between intervention and comparison groups for each population (using the most conservative estimate of 50% levels of correct knowledge for the comparison group), with a confidence interval of 95% (α = 0.05) and 80% power. In the small provinces, sample sizes for PWID, SSW, and KSW were half of those of the large provinces; because MSM programs were limited, we did not recruit MSM in small provinces.
Survey data were entered into Microsoft Visual FoxPro 9 by research staff in HCMC and analyzed in Boston using SAS version 9.0 (The SAS Institute, Cary, NC). We summarized responses using means, medians, and interquartile ranges for continuous variables; and frequencies and proportions for categorical variables. For knowledge questions, we constructed three sets of scores from the 16 yes/no transmission questions, 17 yes/no prevention questions, and 8 true/false treatment questions, respectively; each correct answer received one point. We calculated total proportion correct of the total possible score, and separate treatment and combined transmission/prevention scores, since the latter were the primary focus of outreach programs at the time of data collection. For sexual behavior questions, we defined consistent condom use as "always" (100%), based on the most conservative measure of condom use (anything below 100% use was considered inconsistent) [22] .
In order to assess program impact related to HIV knowledge and behaviors, we disaggregated participants' data into "intervention" vs. "comparison" groups based on whether they reported contact with an outreach worker in the most recent 6 months (intervention) or did not report such recent contact (comparison). We then compared intervention vs. comparison group differences in HIV/AIDS knowledge, high-risk behaviors, and HIV counseling and testing (HCT). We also compared responses among groups, with groups categorized by recruitment category (PWID, SSW, KSW, MSM) and by self-reported behaviors (injection-drug use, sex work, male-to-male sex). Because recruitment categories aimed to ensure an adequate number of participants within each of the population groups, whereas the behavior-based analysis encompassed all participants who reported a given behavior (allowing for overlap in behaviors when multiple behaviors were reported), we report findings based on self-reported behaviors as we believe they are more meaningful. We also report the results of analyses that stratify the FSW by SSW vs. KSW. We compared responses using χ 2 tests for categorical variables and Student's t tests for continuous variables.
Qualitative data analysis
We aimed to conduct 6-10 IDIs with each of three high-risk populations (PWID, SSW/KSW, and MSM) in each province to assure a wide range of opinions. A professional translator translated audio-recordings into English; a Boston University Medical Center researcher checked each transcript and clarified unclear responses with the translator. Bilingual team members spotchecked transcripts for consistency with audio-recordings. One Boston-based analyst coded transcripts using a thematic approach and analyzed themes in Microsoft Excel 2010 [23] . We examined responses by population group and location. In addition to identifying common themes, we explored divergent views. We also identified illustrative statements to contextualize the results of the quantitative findings.
Results
Background characteristics of participants
We surveyed 2199 individuals, including 1100 intervention and 1099 comparison participants. Participants were generally young (mean age 29 years), evenly divided between male and female, and employed either full-or part-time (Table 1) . Approximately one-fourth had no education beyond primary school. One-third reported "sex worker" as their main daily activity; others had a salaried job (14.3%) or performed manual labor (11.1%). Intervention participants were slightly older than comparison participants, and more likely to have tested positive for HIV (21.8% vs. 15.5%) and to have had sex with someone who is HIV-positive (13.1% vs. 5.7%) or a PWID (24.1% vs. 14.7%).
We conducted a total of 125 IDIs, 18-21 per province except in HCMC, where 25 IDIs were conducted (detailed data not shown). Qualitative participants' characteristics were similar to those of survey participants: the mean age was 30.1 years; 48.0% were male; and one-fourth had no schooling above the primary level.
Effectiveness of community outreach Knowledge of HIV/AIDS
Overall knowledge of HIV transmission and prevention was high (mean score = 83.4%); treatment knowledge was poor (mean = 41.7) ( Table 2) . Across all knowledge categories, intervention participants scored significantly higher than comparison participants, particularly on treatment questions (48.2% vs. 35.2%, p < 0.0001). Within each separate key population group, intervention group scores were also significantly higher than comparison group scores for each knowledge category. Analysis by key population group found significantly higher scores among PWID on overall knowledge and on treatment, particularly compared to other key population groups; MSM scored highest on transmission/prevention knowledge. Among FSW, KSW participants scored higher than SSW in every category.
Qualitative data from interviews underscored the ability of outreach workers to reach individuals at high risk of HIV infection with effective information about HIV transmission and ways to reduce HIV vulnerability. The majority of participants spoke of enhanced knowledge about HIV and risk reduction. Increased knowledge was also associated with behavior change, new attitudes about living with HIV, and reduced fear: "I've changed … now that I know a little more, I'm not afraid anymore." (FSW in Ha Noi) More illustrative statements by participants are in Table 3 .
High-risk injection behaviors
Among survey participants who reported using injection drugs in the previous 6 months (n = 694, 31.6%), we found low proportions of high-risk injection-related behaviors (Table 4) . Only 14% reported having shared injection equipment in the previous 6 months; of those, 36% reported re-using a needle/syringe at last injection (data not shown). Few differences between intervention and comparison groups emerged. However, when asked about measures taken to reduce infection risk, a significantly higher proportion of intervention vs. comparison participants reported various actions, most notably, stopping sharing of injection equipment (74.6% vs. 67.9%, p = 0.05) and starting or increasing cleaning of equipment (62.2% vs. 52.1%, p < 0.001). A within-group analysis comparing PWID who were also SSW (n = 67), KSW (n = 23), or MSM (n = 8) vs. those who were only PWID (n = 596) showed that the latter were significantly more likely to have stopped sharing needles (59.1% vs. 34.8-46.3% for the overlapping groups, p = 0.029) or to have started/increased cleaning of equipment (59.7% vs. 25.0-47.8%, p = 0.009) (data not shown).
Analysis of qualitative data (Table 3) found evidence supporting changed behaviors, particularly regarding sharing of syringes and needles and sterilization of Recruitment is based on self-reported: 1) using injection drug in the past month (PWID); 2) selling of sex in the past month and working on the street (SSW); 3) selling of sex and working in an establishment (KSW); 4) self-identifying as a male who engaged in sex with another man in the past year (MSM) 
High-risk sexual behavior: inconsistent condom use
Among the 2040 participants (92.8%) who reported having had vaginal or anal sex in the previous 6 months, large proportions reported high-risk sexual behaviors (see Table 5 ). Overall, only 37.5% reported "always" using a condom, while 16.7% "occasionally" used them (data not shown). We also found that a significantly higher proportion of intervention participants reported more frequent condom use, in general, and with each type of sexual partner-primary, casual, and client-in the previous 6 months. Among population groups, a higher proportion of FSW reported "always using" condoms (38.7%) compared to other groups; PWID reported the lowest consistent condom use (31.3%). Within each group, consistent condom use was highest when having sex with a client, with proportions ranging from a low of 42.7% (PWID) to a high of 63.8% (FSW). Additionally, the differences in consistent condom use between intervention and comparison participants were greatest with client sex partners for both FSW (69.9% v. 57.8%, p < 0.01) and PWID (61.5% v. 46.0%, p = 0.09); among MSM, however, this difference was highest for sex with casual partners (42.2% v. 32.3%, p = 0.01). MSM also reported similar levels of condom use across partner categories: approximately 40% reported "always use condoms" regardless of partner, whereas PWID and FSW reported much lower consistent condom use for casual partners (7-13%) and primary partners (24-28%) than for clients. Among FSW only, SSW tended to report somewhat higher consistent condom use than KSW, including with clients (67.8% v. 64.9%). Less than one-half (45.6%) of all participants reported "always carry condom," with a significant difference between intervention and comparison participants (49.7% v. 41.4%, p < 0.01).
This difference remained significant for FSW overall (55.9% v. 46.6%, p < 0.01), and for SSW (65.0% v. 55.2%, p = 0.02), whose reported "always carry condom" proportion was the highest of all groups. Qualitative data (see Table 3 ) support these findings of effective messaging by outreach workers. Intervention participants described changing their attitudes and behaviors regarding condom use, with typical statements including, "After talking to them [peer educators], I know a lot. After reading the papers they give, I changed my habits to be safer" (FSW in Quang Ninh) and "My partner has sex with others, so I use condoms all the time. Believe him or not, I still have to use condoms to be safe first" (MSM in HCMC). Several participants revealed less than consistent condom use, however. One PWID in Ha Noi explained that sometimes late at night, when he was craving drugs, he would "go out with friends and girls, and no one brings condoms."
HIV counseling and testing behaviors
More than half of respondents reported receiving pretest counseling (55.8%) and having been tested for HIV (61.6%) ( Table 6 ). Among those tested, 73.1% received post-test counseling and 89.9% received results. We found significant differences between intervention and comparison participants for each service except for receipt of results. The intervention group was significantly more likely to have been tested for HIV (76.1% vs. 47.0%, p < 0.0001) and to have received both pre-test (78.0% vs. 33.7%, p < 0.0001) and post-test counseling (80.9% vs. 60.5%, p < 0.0001). There were no differences in reported receipt of results or sharing of results. Within populations (encompassing intervention and comparison groups), testing ranged from 50.4% among MSM to 64.3% among FSW. Testing was highest among FSW sub-groups, for both the intervention (80.7 and 78.3% for SSW and KSW, respectively) and comparison (52.4 and 53.2%) groups. In addition, of those who were tested and received results, PWID participants reported the highest rates of HIV+ diagnoses across intervention and comparison groups (49.6 and 43.2%, respectively, difference not significant). The qualitative data underscored both the impact of outreach efforts on encouraging HIV testing, and persistent barriers in reaching key populations with testing services; attitudes towards health workers revealed a strong sense of continued stigmatization of individuals suspected of engaging in sex work, gay sex, and drug use (see Table 3 ). Several IDI participants admitted continued fear of learning their status. One PWID in Ha Noi noted that sometimes he lied to the outreach workers, saying that he had been tested when that was not true; he remained too fearful to be tested.
Discussion
This mixed methods evaluation provides important evidence of the value of community outreach interventions deploying peers and other health educators for improving knowledge of HIV transmission, prevention, and treatment. Community members who interacted with peer and health educators demonstrated significantly greater HIV/AIDS knowledge, particularly on treatment questions, than those who did not. Intervention participants were more likely to have been tested for HIV and to have received counselling before and after testing. 
Sustained treatment & adherence
While intervention participants had higher levels of treatment knowledge than comparison participants in this study, treatment knowledge was still low among those receiving outreach. This is consistent with studies in Vietnam that have found numerous misconceptions regarding treatment-including one study which found that most respondents (70%) incorrectly believed that ART could cure HIV [24] . At the time of this evaluation, outreach workers were not regularly giving treatment information to clients, which may explain the low scores on HIV treatment knowledge questions among those receiving outreach [11] . However, recent research suggests that this gap in treatment knowledge persists [17, 24] . Looking forward, education about both the benefits and management of side effects of ART must remain a top priority. All stakeholders must remain vigilant about dispelling misconceptions about treatment, which negatively affect patients' engagement, adherence to treatment, and clinical outcomes [25, 26] .
Engagement in HIV counseling and testing services
On the topic of HCT, we found that the intervention group was significantly more likely to receive voluntary pre-and post-test counseling, and HIV testing than the comparison group. These findings suggest that community outreach is a valuable strategy for increasing uptake of HIV testing services across key populations. This observation is consistent with findings from another study in Vietnam, which found that receiving voluntary HIV testing services, condoms, and injection equipment from the local HIV prevention program was significantly associated with lower reported HIV risk behavior [27] . Previous research has also found that HCT is an effective prevention strategy, and can be an entry point to support and care for key populations [28] [29] [30] . Nonetheless, key populations may still be reluctant to seek HIV testing even though they are aware of its importance [31] . We documented a number of reasons for this, including judgmental attitudes of clinical staff, fear of learning of one's status, failure to prioritize testing given busy lives and perceived good health, and cost of related services.
Getting to zero
Interventions focused on improving consistent condom use with all partners will also need to remain a high priority looking forward to the 2030 goal of ending AIDS. Although we found strong evidence of effectiveness of outreach in the higher condom use of intervention participants vis-à-vis comparison participants, over half of intervention participants reported inconsistent condom use, except with sex work clients. This is worrisome given more recent evidence that condom use has remained low in Vietnam [32, 33] . Assessments from India are informative, indicating similar patterns of low condom use among regular partners, and by men when having sex with women [34, 35] . This suggests that condom negotiation with repeat clients and regular partners is more difficult than with casual/new partners, and that this complexity may not be addressed easily via community-outreach programs [35] . Other approachessuch as empowerment, increased self-esteem, and community mobilization-may have a role in increasing condom use among regular sexual partners, and might be considered when developing interventions [36] . Strategies shown to be successful in increasing condom use with regular partners include providing high-intensity peer and clinical services for high-risk MSM and transgender people, and increasing condom availability among key populations [35] . Given rising concern about HIV among MSM, reaching this subpopulation will be critical [37] .
Outreach efforts that make use of social media with MSM in other settings, including in sub-Saharan Africa, may hold lessons for places like Vietnam that are highly "wired, " with broad internet availability and mobile phone use [38] [39] [40] . Regardless of specific approach, prevention programs need to stress the importance of consistent condom use with all partners, regardless of sex, sexual orientation, or gender identity.
Limitations
Several study limitations may bear on these findings. First, while the mixed methods approach allowed for triangulation of findings, the survey was cross-sectional, and thus cause and effect cannot be confirmed. Second, because sampling was respondent-driven rather than randomized, our results may be biased due the sociodemographic composition of either or both key population groups (intervention or comparison). In particular, reliance on social networks to recruit participants may have produced a sample with similar characteristics and similar behavioral tendencies, thus leading to skewed results [41] . Third, due to the self-reporting nature of the study, social desirability may have influenced our findings, as participants may have answered questions based on what they thought interviewers wanted to hear. Fourth, despite its breadth, our sample may not be representative of Vietnam's at-risk population nationally since no sampling frame exists that lists these individuals by behavioral characteristics. Fifth, it is conceivable that participants had benefited from other interventions beyond the peer-outreach programs we assessed. However, to our knowledge, there were no other similar programs operating in Vietnam at that time. There may have been small programs distributing condoms in some of these places, but the individuals who participated in our study were all engaged in one or more illegal and heavily-stigmatized behaviors that meant they were a fairly hidden population and receiving HIV-related information and support primarily through the outreach programs. Moreover, were there other programs, individuals in both groups would have accessed them, and thus they would not be the source of systematic bias.
Finally, the study was conducted over 10 years ago, and its relevance may be questioned. We would posit that the study had important strengths that warrant attention: a strong mixed-methods design with collection of rich, indepth qualitative data; a creative design to yield robust comparisons between intervention and comparision group participants; a broad national scope; and inclusion of all three critical vulnerable populations in Vietnam (PWID, FSW, and MSM). To our knowledge, there is no published study with anything near the comprehensive scope of this evaluation in geographic, participant, and outcome data terms. Given that little has been published on HIV prevention outreach programs in Vietnam, where the epidemic continues to pose a major challenge and key populations continue to be highly vulnerable, we believe our findings may inform efforts to improve outcomes in the HIV care cascade in Vietnam and perhaps elsewhere in Asia.
Conclusions
This national evaluation led to important findings about the effectiveness of PEPFAR-supported communitybased outreach programs targeting key populations of PWID, MSM, and FSW. The program appeared successful on numerous fronts, including increased HIV knowledge, high-risk injection and sexual behavior, and uptake of testing services. However, our evaluation identified important gaps which must be addressed in future prevention efforts, whether through large-scale community-outreach or through more intensive and clinicbased programming. Priorities should target low knowledge of HIV treatment among key populations, the complexity of sexual patterns and low condom use with regular partners, and inadequate awareness of and engagement with HCT services. 
